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H+3 + H2 ! H+5 ! H+3 + H2 is a prototypical proton transfer reaction of astrochemical significance. Developing a
deeper understanding of its reaction mechanism will provide important physical insights into similar and more complicated
proton transfer reactions. The large amplitude vibrational motions in the H+5 collision complex lead to the scrambling of
its five protons, which complicates theoretical descriptions of this molecular ion. Using minimized energy path diffusion
Monte Carlo, the one-dimensional zero-point corrected potential energy surface is mapped out as a function of the chosen
reaction coordinate.a The evolution of the wave function along this reaction coordinate is characterized by the energy and
the probability amplitude associated to it. This methodology is also extended to allow for the investigation of excited states
in selected vibrational modes that are important in the proton scrambling dynamics. In particular, the vibrations of interest
are ones that evolve between large amplitude motions in H+5 and rotations of the H
+
3 and H2 fragments as the reaction
proceeds. In addition, as H+5 has five protons we must account for the anti-symmetry of the total nuclear wave function,
which places restrictions to the possible pathways involved in the proton scrambling dynamics.b The implications of these
symmetry restrictions are also discussed.
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